Education-mandated 80-hour work week has led many teaching hospitals to find adequate replacements for residents. In addition, the subspecialty of pediatric orthopaedics is currently experiencing a workforce shortage. At the authors' institution, Level I emergency department and hospital on-call duties alternate between orthopaedic residents and orthopaedic-specific nurse practitioners. There are no studies looking at the quality of care rendered in the pediatric orthopaedic setting by physician extenders.
INTRODUCTION
The implementation of the Accreditation Council for Graduate Medical Education (ACGME)-mandated 80-hour work week has led many teaching hospitals to find adequate replacements for residents. In addition, the subspecialty of pediatric orthopaedics is currently experiencing a workforce shortage. 1 Statistics from the 2005 Pediatric Orthopaedic Society of North America membership revealed that the average age of pediatric orthopaedists is 52 years old, in comparison to sports medicine in which the average age is 42 years old. In addition, only 25 individuals filled the 67 pediatric orthopaedics fellowship positions offered in North America, whereas there were 40 to 50 available pediatric orthopaedic jobs. Numerous symposiums and task forces have attempted to address this impending shortage, but the trend has not abated, because there were only 22 candidates interviewing for pediatric orthopaedic fellowships in 2006. 2 At the authors' institution, a group of nurse practitioners (NPs) has been incorporated into the pediatric orthopaedic service. The NPs at our institution play an integral role in patient care, rounding on hospital ward rounds, assisting in the operating room, following patients in the clinic, and evaluating and treating patients in the emergency room. Emergency room and hospital on-call duties alternate between orthopaedic residents and NPs. During the time period of this study, the NPs were responsible for all on-call duties during the weekday as well as three weeknight calls per week. The residents were responsible for all weekend call, starting at 5 PM Friday night and ending at 7 AM Monday morning, as well as one other weeknight call. The nine NPs covered approximately 410 12-hour shifts during the year of the study, averaging 45 shifts per NP for the year. The 12 residents covered approximately 318 12-hour shifts during that year, averaging 26.5 shifts per resident for the year. When on call, a single resident or NP is responsible for the initial evaluation of all pediatric orthopaedic trauma patients, including hand trauma. Fracture reductions and casting are performed by the on-call NP or resident and are followed in the clinic by the attending physician. It has been our perception that the reductions and castings performed by our trained NPs are as acceptable as those performed by the orthopaedic residents with no difference in interventions associated with closed reduction and casting of acute fractures.
The purpose of this study was to analyze the quality of reduction and associated intervention rate of a consecutive series of pediatric patients with the diagnosis of closed radius and ulna diaphyseal fracture treated at our institution with closed reduction and casting in the emergency department during a 1-year period. Diaphyseal forearm fractures were chosen because their distance from the physis, compared with distal forearm fractures, limits remodeling potential in cases of malangulation. We therefore have a lower threshold to intervene in diaphyseal forearm fractures when reductions are lost. Results of patients were analyzed in two cohorts: those treated by orthopaedic NPs and those treated by orthopaedic residents.
MATERIALS AND METHODS
Approval was obtained from the Institutional Review Board at our institution. From July 2006 through June 2007, all patients with a diagnosis of closed diaphyseal radius and ulna fractures (International Classification of Diseases, 9th Revision code 813.23) who were treated with closed reduction and casting and who were followed to completion of treatment were included in the study. Patients were excluded if they sustained an open fracture, if the patient underwent surgical treatment with no attempt at closed reduction in the emergency department, if other injuries were present, if only one bone was fractured, or if the fracture occurred in a location other than diaphyseal. All charts and radiographs were reviewed retrospectively.
All physician extenders in the pediatric orthopaedic department undergo 6 months of training in our department before taking independent call. Training consists of ''handson'' supervised teaching by senior orthopaedic NPs as well as orthopaedic attendings in the emergency room, operating room, and clinic with escalating independent duties and responsibilities as competencies are reached, similar to the clinical training of orthopaedic residents. Clinical training is supplemented by self-directed reading, again similar to the reading and studying conducted by orthopaedic residents. Both the NPs and orthopaedic residents are required to attend and participate in weekly didactic pediatric orthopaedic conferences as well as morning fracture rounds.
All fractures were treated with closed reduction with the child under intravenous conscious sedation or oral analgesics in the emergency department (ED). In our institution, we have found intravenous conscious sedation, administered by ED staff, to be the most efficacious method to achieve safe and effective levels of sedation and analgesia for the otherwise healthy child who requires a closed manipulation of their forearm fracture. Oral analgesics may be given to the child with a minimally displaced, incomplete greenstick fracture that can be satisfactorily treated with a gentle mold during casting to improve the angulation of the fracture. All reductions and casts were performed by either a postgraduate year (PGY)-2 or a PGY-3 orthopaedic resident or NPs. Fractures were immobilized in either a univalved long arm cast (137 of 139) or a sugar-tong splint (two of 139). All patients were discharged from the ED with strict instructions regarding elevation of the extremity and monitoring pain control after postsedation criteria were met as determined by ED staff. Patients were seen for the first visit in the pediatric fracture clinic between 5 and 7 days after reduction by three fellowship-trained pediatric orthopaedic surgeons and followed until fracture union. Fractures that lost reduction during follow up were typically treated by premedicating the patient in the clinic with a combination of diazepam and hydrocodone, titrated for patient weight, and then placing a well-molded cast under fluoroscopy in the cast room with reduction if needed. The typical practice at our institution is to discharge from the clinic patients who have had a radius or ulna diaphyseal fracture once the fracture is fully healed and full range of motion of the elbows and wrists has been regained.
Prereduction and immediate postreduction digital forearm radiographs were measured for both during displacement and angulation. Radiographs at the time of initial cast removal were also measured. Time of initial cast removal with replacement of another long arm cast was recorded as an indirect measure of the adequacy of the cast; casts that were removed before radiographic union or before the planned conversion to a short arm cast were often done for loss of reduction, ill fit, and/or cast breakdown. In our experience, it is rare that a well-molded cast has to be changed out solely as a result of a loose fit from resolved swelling.
Interventions were divided into minor and major interventions. Minor interventions included the need for additional premedication and reduction/molding of a new cast in the clinic, placement of a new cast for any reason, splitting of the cast for swelling, trimming of the cast, and nerve palsy that resolved on follow up. Major interventions included any intervention that occurred in the operating room such as placement of intramedullary flexible nails, open reduction and internal fixation, and repeat closed reduction and casting.
All charts and radiographs were reviewed by one author (CAH). All radiographs were available on the digital PACS system, and measurements of the angulation and displacement were made on the radiographs using the computerized onscreen ruler and goniometer (iSite PACS Enterprise Version 3.5.36.4; Koninklijke Philips Electronics NV, Brisbane, CA). For patients treated in a long arm cast, the cast index was calculated by dividing the inner sagittal width of the cast by the inner coronal width of the cast at the level of the fracture on the immediate postreduction radiographs. Only two patients were treated with sugar tong splints, and cast index was not calculated for those patients. The ideal cast index is 0.7 for the distal forearm with higher cast index indicating poor molding of the cast. 3 Although this cast index has not traditionally been used to validate proper molding of diaphyseal forearm fractures, the index takes into account the restoration of the interosseous diameter as well as three-point molding, which have been shown to affect redisplacement. 4, 5 The lower the index, the more likely the maximum interosseous diameter is in accordance with the principles of an oval cast, representing a good interosseous mold.
The clinical and radiographic outcomes of treatment by orthopaedic residents compared with NPs were analyzed using Fisher exact tests and two-sample t tests. Standard statistics were used for all other analyses. Statistical significance was defined at P , 0.05.
RESULTS
A total of 164 patients with the diagnosis of isolated closed radius and ulna diaphyseal forearm fractures were seen at our institution either initially in the clinic or the ED. An additional 27 patients were seen with a diagnosis of open radius and ulna diaphyseal fractures (International Classification of Diseases, 9th Revision code 813.33). Ninety percent (148 of 164) of the isolated closed radius and ulna diaphyseal fractures were treated at in the ED with closed reduction and casting by either a NP or an orthopaedic resident. Nine patients were lost to follow up, leaving 139 patients (85% [139 of 164]) to be analyzed. Fifty-seven patients (41%) were treated by NPs, and 82 patients (59%) were treated by orthopaedic residents. Although the NPs only reduced 57 fractures compared with the orthopaedic residents' 82 fractures, there were only eight NPs compared with 12 orthopaedic residents during that time period. Each NP treated an average of 7.1 fractures (57/8), and each resident treated an average of 6.8 fractures (82/12) during that year. All but two patients were treated in a long arm cast that was univalved. As shown in Table 1 , there was no significant difference between the two groups with respect to use of conscious sedation, use of a long arm cast, or length of follow up (P . 0.05). Only two patients (1.4% [two of 139]), both treated by NPs, required repeat reductions in the ED. Patients treated by NPs were significantly older than those treated by orthopaedic residents (P = 0.013), and cast index was significantly higher for orthopaedic residents (P = 0.0057). Nerve palsies that resolved uneventfully occurred in one patient treated by the NP and two patients treated by the residents, and this was not a statistically significant difference. Range of motion was noted to be ''full'' or ''decreased as a result of stiffness'' at final follow up for all patients. During that time period, no formal complaints were lodged by patient families against either NPs or orthopaedic residents.
Fracture Characteristics
Injury radiographs were not available in 27% patients (37 of 139) as a result of the radiographs being taken at another institution. There was not a significant difference in the number of displaced radius fractures treated by either group. However, the number of greenstick ulna fractures was statistically greater in the group treated by NPs (75% versus 54%, P = 0.012). Radiographs did not reveal any significant difference in the fracture angulation or displacement between the groups at the time of injury (P . 0.05) except that orthopaedic residents had significantly higher ulna displacement (P , 0.05) on lateral radiographs taken at the time of injury.
Interventions
For the purposes of this study, interventions were defined any intervention made to modify the fracture or cast. Minor interventions were defined as interventions that did not require a procedure in the operating room to restore fracture alignment. Major interventions were defined as interventions that did require a procedure in the operating room to restore acceptable alignment of the fracture.
During this time period, there was no evidence that one provider group was more prone to having interventions than the other (P . 0.05). As shown in Table 2 , patients treated by orthopaedic residents had more minor interventions; the majority of these interventions consisted of premedication and molding of a new cast in clinic for loss of reduction (P = 0.05). Orthopaedic residents had slightly more major interventions, which necessitated operative intervention to restore alignment of the fracture (11% versus 8%), but this did not reach statistical significance (P . 0.05). NPs had more patients who had both major and minor interventions (11% versus 2%), but this did not reach statistical significance (P = 0.06). The major intervention of operative intervention typically followed the minor intervention of a need for premedication and molding of a new cast that failed to maintain reduction.
When compared with greenstick radius fractures, displaced radius fractures were more commonly associated with having minor intervention (P = 0.015) as well as any type of intervention (P = 0.007). With our sample size, the type of ulna fracture was not associated with either major or minor intervention.
Using logistic regression analysis, the probability of a major intervention increased as the patient age increased (odds ratio point estimate = 1.16, P = 0.026). However, minor interventions as well as any intervention were not significantly increased with patient age (P . 0.05). Patients with both minor and major interventions
Adolescent Patients
Because adolescent patients are closer to skeletal maturity and therefore have less remodeling potential, an anatomic reduction is even more crucial than in a skeletally immature child. There were 12 patients older than age 12 years who were initially treated with closed reduction and casting in the emergency room. NPs treated nine of these patients, and orthopaedic residents treated three patients. Three of these patients (25%) required operative intervention for loss of reduction; two required open reduction and internal fixation with plates and screws and one underwent intramedullary fixation of the ulna and the radius. However, patients older than 12 years old did not have statistically more major interventions than patients younger than age 12 years (25% versus 8%, P = 0.086). Despite this high rate of operative intervention, 75% of patients in this age group (nine of 12) were treated successfully with closed reduction and casting, although two patients required premedication and molding of a new cast in the clinic, and two other patients had a nerve palsy that resolved.
Length of Training of Provider
During the time period of the study, six second-year orthopaedic residents and six third-year orthopaedic residents took call at our institution. There was no significant difference between the patients treated by second-year resident compared with third-year residents with respect on patient age, cast index, length of casting, length of patient follow up, or displacement or angulation of the fracture at either immediate postreduction or cast removal radiographs (P . 0.05). In addition, the intervention rate for major and minor interventions was not significantly different between the two groups (P . 0.05).
Nine NPs took call at our institution with experience in our department at the beginning of the study time period ranging from newly hired during that year to 35 months of experience in our department. Five NPs had less than 24 months of experience in our department, and three NPs had 24 months or more of experience in our department. There was no statistically significant difference between the patients treated by NPs with less than 24 months of experience compared with those treated by NPs with 24 months or more of experience with respect to patient age, cast index, length of casting, length of patient follow up, or displacement or angulation of the fracture at either immediate postreduction or cast removal radiographs (P . 0.05). In addition, the intervention rate for major and minor interventions was not significantly different between the two groups (P . 0.05). When the analysis was repeated comparing NPs with less than 12 months of experience (n = 2) with NPs with 12 months or longer of experience (n = 6), there was again no significant different between the two groups with respect to these parameters (P . 0.05). In addition, there was no statistically significant correlation between length of training for the NPs and outcomes such as cast index, amount of radiographic displacement or angulation postreduction and at cast removal, length of time in the cast, length of patient follow up, or interventions (P . 0.05).
Patients treated by NPs with less than 24 months of experience and PGY-2 residents were then compared with patients treated by NPs with 24 months or more of experience and PGY-3 residents. Again, no statistically significant difference was found between the two groups with respect to patient age, cast index, radiographic measurements, length of time in the cast, length of follow up, or intervention rate (P . 0.05).
DISCUSSION
There have been several studies looking at the role of physician extenders in several services such as family practice clinic, intensive care units, and general surgery trauma services, [6] [7] [8] [9] [10] [11] but none looking at the quality of care rendered in the pediatric orthopaedic setting. Trauma accounts for one third of the work relative value units produced in both the outpatient and inpatient pediatric orthopaedic practice, yet a substantial component of treatment provided is of a complexity that can be handled by physician extenders. 12 The pediatric population in the United States is growing; birth rates continue to increase, and the population younger than age 20 years makes up approximately one third of the total population in the United States. 13, 14 A previous study at this institution highlights the increasing demand for pediatric orthopaedic trauma services, demonstrating an average annual increase of orthopaedic trauma admissions of 18% over a 10-year period despite an only 2% to 3% average annual increase in the local population. 15 Despite this demand, fewer ''general orthopaedists'' are caring for pediatric orthopaedic trauma patients, and more of these patients are being referred or transferred to tertiary referral centers, even with a low-energy extremity fracture that only requires cast immobilization. 1, 16, 17 The increasing demand in care is coupled with a shortage of pediatric orthopaedic surgeons as well as the implementation of ACGME-mandated work-hour restrictions on residents. As of December 2006, only 16 pediatric orthopaedic fellows were training in ACGME-accredited pediatric orthopaedic fellowship programs, and only 19 fellows completed a such a fellowship from 2005 to 2006. 18 In addition, balancing maximal resident education with a commitment to patient care remains a concern in the current era of ACGME work-hour restrictions. The implementation of the work-hour mandate has led our practice to use physician extenders to maximize resident education during the day while still delivering quality patient care in our very busy pediatric orthopaedic practice.
We are not aware of any study investigating the impact of implementation of physician extenders in a pediatric orthopaedic practice. Two nurse practitioners began taking oncall duties in our practice in 2002, and as the trauma volume has expanded exponentially, the number of physician extenders in our department has also increased appropriately. At the time of this study period, we used eight full-time NPs with experience in our department ranging from 3 years to newly hired. No NP had any experience with independent fracture reduction before joining our department. These physician extenders are first oriented in the pediatric orthopaedic department for a period of 6 months to develop skill competencies and to observe pediatric orthopaedic practices and procedures as well as to complete credentialing. The NP is then assigned to an independent but supervised role, similar to that of a resident physician, under an orthopaedic attending. All NPs rotate covering the emergency room and on-floor consults during the day and night with seeing patients in clinic. In addition, they round on the patients on their ''team'' and often manage the admission paperwork, discharge paperwork, and coordinating discharge planning. They are able to follow patients longitudinally in the clinic and are often responsible for premedicating and molding the casts in fractures that lose reduction.
The orthopaedic residents begin covering on-call duties during the weekends and occasional weeknights of their PGY-2 year but do not begin their pediatric orthopaedic rotation until their PGY-3 year. As a result, they usually do not see the follow up of patients they have treated while on-call. However, every orthopaedic intern, PGY-2, and PGY-3 is trained in an 8-hour pediatric fracture symposium every July that includes practical ''hands-on'' casting sessions led by pediatric orthopaedic staff. In addition, every morning the pediatric orthopaedic staff reviews and critiques and fracture reduction performed overnight by the residents or NPs.
Pediatric patients treated for closed diaphyseal bothbones fractures with closed reduction and casting had a slightly lower intervention rate when treated by NPs compared with treatment by orthopaedic residents during the time period of this study. During this time period, we had eight full-time NPs, six PGY-2 orthopaedic residents, and six PGY-3 orthopaedic residents covering the emergency room. This year-long period encompassed the learning curve for the PGY-2 orthopaedic residents, starting with the month of July, when residents are least experienced, and ending with the next June, when residents have had 1 year's experience of taking in-house call and reducing fractures in the ED. The higher intervention rate may be a reflection of that learning curve for the younger residents as well as more years of experience by the NPs. However, in this series, we were unable to find a statistical correlation between length of provider experience and intervention rate or outcomes as measured radiographically. In addition, the inability of the residents to follow patients longitudinally may hinder their learning curve in the technique of casting; although casts and reductions are reviewed postcall by staff, the residents cover call at our hospital using a ''float'' system while they are rotating on other rotations and therefore do not have the benefit of learning the management of sequelae of a poorly molded cast to reinforce the lesson that proper casting of a fracture is an essential art in the treatment of pediatric patients.
During the time period of this study, each NP treated slightly more fractures than the orthopaedic residents (average, 7.1 versus 6.8 fractures). It is noted that the majority of the residents' reductions were done during the night call (7 PM to 7 AM) or on the weekends. We did not analyze the quality of cast or reductions done by the time of day, and although the orthopaedic residents do take the majority of night call, the NPs were responsible for three weeknight calls per week during that time period. It is difficult to qualify the effect of a ''day'' versus ''night'' or ''weekday'' versus ''weekend'' call on the quality of reduction or casting.
The average age of patients treated by NPs (8.3 years; range, 0.9-16.8 years) was on average 1.4 years older than those treated by residents (6.7 years; range, 1.1-14.8 years). This may be the result of our NPs being trained to attempt a closed reduction on all closed forearm fractures that present in our emergency room, regardless of age, or that older patients may tend to present during daytime hours after a sports injury as compared with an injury sustained by falling at home. That two of the nine patients who were older than 12 years of age underwent open reduction and internal fixation with plates and screws of their forearm fractures speaks to the fact that these fractures likely represented an adult-type injury that was more appropriately treated with anatomic reduction.
This study also reinforces the viability of conservative treatment of pediatric both-bones fractures. Only 9% (13 of 137) of fractures required intervention in the operating room, and even in the adolescent population older than 12 years of age, 75% (nine of 12) of these fractures were treated successfully in a cast. Conscious sedation with reduction and placement of a well-molded cast in the ED continues to be a both practical and efficacious option for initial providers in a busy Level I trauma center. This is a retrospective review that is hindered by the weaknesses inherent in such studies. Our duration of follow up is short (averaging between 9 and 10 weeks) as a result of the acute nature and rapid healing of these fractures. However, this timeframe was adequate for this radiographic study, which focused on the radiographic endpoint of either union or need for intervention to restore fracture alignment. In addition, specific range of motion numbers were often not recorded in the clinic notes. However, studies have shown that radiographic forearm angulation is a poor predictor of forearm rotation, 19, 20 and loss of motion does not clinically correlate with compromised function. 21 In summary, when adequately trained in orthopaedic fracture care, NPs can successfully reduce forearm fractures at the level of an orthopaedic resident at a busy Level I pediatric trauma hospital without an increase in the rate of interventions.
